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A New Steroidal Saponin from Fermented Leaves of 
Agave americana * 
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Abstract[] A new steroidal saponin and two known steroidal compounds were isolated from fermented leaves 


of Agave americana. The structure of the new steroidal saponin was elucidated as tigogenin 3-O-a-L-rham- 





H 1~3[18-D-glucopyranosy[] 1—>2[H B-D-glucopyranosy] 1—3[[+8-D-glucopyranosy[] 1—> 


nopyranosyl 


4[}8-D-galactopyranoside by spectroscopic data and chemical method. 











Agave americana[] Steroidal saponins 


Key words] 

Agave americana L.[] is native to Mexico and widely cultivated in the south of China. Its sap is 
applicable as a laxative and diuretic according to the Chinese herbal description. Its leaf is also used to 
produce steroidal sapogenins such as hecogenirl] Jiangsu New Medical College[] 19771]. Some steroidal 
saponins have been isolated from the leaves of A . americand] Kintya et al] 1975[] Wilkomirski et al[] 
1975[] Yokosuka et all] 2000[]. Several steroidal saponins from this species exhibited moderate cytotox- 
ic activity on HL-6Q@] Yokosuka et all] 2000[]. To investigate steroidal constituents of fermented leaves 
of Agave americana L. and discover the bioactivity compounds[] we have phytochemically investigated 
the fermented leaves of A. americana. A new tigogenin glycoside together with two known steroidal 


compounds were isolated from the fermented leaves of A. americana. The known compounds 1 and 2 
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were identified af] 25 R []-5a -spirostan-3ß-o[] tigogenin[]] 10] Agrawal et al[] 1985[] and tigogeninn 
3-O-a-L-rhamnopyranosyl{] 1—3[}8-D-glucopyranosy[] 1—>2[H 8-D-xylopyranosy[] 1—3[][}8-D-glu- 
copyranosy[-] 1—4[]-8-D-galactopyranosidd] 2[[] Mimaki et al 1995[[] respectively . 

Compound 3 was obtained as an amorphous powder. Its molecular formula was determined as Cs Hyp O» 
on the basis of the °C DEPT NMR spectrum and negative ion FABMS. The negative ion FAB mass spec- 
trum of 3 exhibited a molecular ion peak at m/z 1109] M-HL] [ and three fragment ion peaks at m/z 1047 

O M-H-1620 0 901) M-H-162-146[] and] M-H-162-146-162[] . Its 'H spectrum showed signals for two 
tertiary methyl groups at 5, 0.72 and 0.89[] three secondary methyl groups at 6, 0.760 1.20 and 1.70. In 
addition[] five anomeric proton signals were observed at 64 4.95] 1HU dU J=7.6 [115.20 1H0 d0 J= 
7.9 HeL15.27] 1A) dU J=7.6 ÆN] 5.57] 1HU dO J=7.9 Hef] and 6.24] 1H[] br sl]. Broad singlet 
peak of 6, 6.01 indicated the a-orientation at the anomeric center of L-rhamnose. The J value¢] >7 Hz[ of 
the other four anomers of the sugar moieties indicated the B-orientation at the anomeric center of the D-pyr- 
anoses. These 'H NMR spectral features and a diagnostic acetal carbon signal at 5, 109.4 were indicative of 


3 being a spirostanol saponin with a sugar chain made up of five monosaccharides . 
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Fig. 1 The key 'H-C long-range correlations of 3 in the HMBC spectrum 


Acid hydrolysis of 3 gave tigogenin as the aglycone and the sugar residues which were identified as 
D-glucose[] D-galactose and L-rhamnose by GC/MS. 

The determination of the sequences of the sugar chain was carried out by the following NMR ex- 
periments. The easily distinguished anomeric proton signals served as the starting point analysis[] the 
'H and °C NMR assignments of sugar groups of 3 were carried out by analysis of the HMQC-TOCSY 
and 'H—'H COSY data followed by HMQC spectrum. Three-bond 'H-'’ C long-range correlations in 
HMBC spectrum exhibited that the anomeric proton signals correlated with the carbon signals at Oy 
4.94] H-Gal-1[] and 5, 77.€] C-3 of aglyconeL]] 5.210 H-Gle-1]] and 80.10 C-Gal-4[0 5.57] H- 
Gle’-10 and 81.4] C-Gle-20]] 5.27] H-Gle”-1]] and 88.8] C-Gle-3L] 6.22] H-Rha-1[] and 83.3 

O C-Glc'-3[[] Fig. 1]. Therefore[] the structure of 3 was elucidated as tigogenin 3-O-a-L-rhamnopyr- 
anosyl[] 1—>3[}8-D-glucopyranosy[] 1—>2[H 8-D-glucopyranosy] 1—>3[]]-8-D-glucopyranosyl] 1—> 
4[|-8-D-galactopyranoside[] which was named agamenoside G. 
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Experimental Section 

Optical rotations were measured with HORIBA SEPA-300 high-sensitive polarimeter. IR] KBr[] spectra were mea- 
sured on Bio-Rad FTS-135 spectrophotometer. NMR spectra were recorded on a Bruker DRX-500 or Brucker AM-400 in- 
strument at 25°C[] using TMS as an internal standard. The negative ion and high-resolution FAB mass spectra were 
recorded on a VG AutoSpec-3000 mass spectrometer using glycerol as matrix. GC was run on Fisons MD800 GC/MS. 
RP-8] Merck{] was used for column chromatography] D-glucos¢] Mercki D-galactosé] Merck and L-rhamnosd] Mer- 
ck[] were used as standard reagents for GC. Precoated silica gel platef] Qingdao Haiyang Chemical Co.[] were used for 








TLC. Detection was done by spraying the plates with 5% anisaldehyde-sulphric acid[] followed by heating. 

The dried residues of fermented leaves of A. americana L. were collected from a factory in Ruili County of Yunnan 
Province at January 2000. The leaf-juices of A. americana were subjected to natural fermentative process for one year. 

The dried residues of fermented leaves of A. americana L[] 6.5 ke[] were extracted with hot methano[] 10 L[] three 
times for 4 hours[] the combined methanol extract was concentrated under reduced pressure. Then concentrated extract 
was partitioned between n-butanol and water. The n-butanol layer was repeatedly chromatographed on silica gel with 
CHC1;(] MeOH[] H, O and RP-8 with MeOH{J H,O to afford 1] 36 mg] 4] 200 mel] and $] 378 mel]. 

4] 45 me{] was refluxed with 1 mol/L HCl-dioxand] 19 10 v/v] 4 ml[J on water bath for 6 h. The reaction mixture 


was evaporated to dryness. The dry reaction mixture was extracted by CHCl, four times. The CHCl; extract was concen- 














trated and chromatographed on silica gel to give 34] 11 mg [] which was identified to be tigogenin with TLC by compari- 
son with authentic sample. The sugar residues were trimethylsilylated for GC analysis. 

The dry sugar residue was diluted in 5 ml pyridine without water and treated with 0.5 ml trimethyl-chlorsilan 

O TMCS) Flukal] at room temperature for 30 min. The reaction mixture was evaporated to dryness under reduced pressure . 

The mixture of trimethylsilylated derivatives of the monosaccharides was diluted in 0.5 ml MeOMe without water{] which 

was then analyzed by GC. GC/MS[] AC-5 capillary colum] 30 m x ® 0.25 mm{[]] detector] MY] 270°C column 


temperature|] 180 ~ 260°C[] rate 5°C/min[] column head pressure{] 12 P[ carrier gas[] Hd] distributary ratio] 300 10. 
R, O second[[] D-glucosd] 6951] D-galactos¢] 657] and L-rhamnosd] 434{]] authentic sample[] D-glucosd] 68500 D- 
galactos¢] 650L[] and L-rhamnos¢] 43000. 
Tigogenirt] 1[[] A white crystal] ol — 17.2°0 c 0.0360 CHCL OY IR vA cm~'0 3519 34070 29210 14550 
11760 10510 979[] 9200 900) 864] intensity[] 900 > 9201] EI-MS m/z[ 4160 3440 3020 2870 2730] 139] base peak[] 
1220 1070 970 810 670 ' H NMH] CHCl, - d; [ 400 ME:[0 è 3.44] 1H0 H - 300 4.34] 1H H - 1600 0.74] 3H0 s0 
H - 18 0.69] 3HU sO H- 19000.88] 3HU dO J=7.3 Hz) H - 21003.40 dd 3.7 Hel) 11.4 Hz) 3.39) H 11.4 
Hz 1H eachQ] H - 2600 0.74] 340 dQ J = 6.3 He] H - 2700 °C NMR data see table 1. 
[O A white amorphous powder] off? - 48.0°0 c 0.0100 MeOH[] IR v% cm~' [0 34280 29330 

13770 11570 10720 9800 9210 8980 864] intensity] 898 > 9210] Negative ion FAB-MS m/z 1179] M-HL [O 1047 
O M-H-1320 0 8710 M-H-146-162() O 739] M-H-132-146-162]) O 577] M-H-132-146-162-1620" J 'H NMR] pyri- 
dine- d; [] 400 MH] ò 3.94] 1H0O H- 340 4.44] 1H] H- 1600 0.810 3H0 sO H- 1800 0.65] 3H0 sO H- 1900 


1.04] 3H0 dD J=7.4 He) H - 2100 3.59] dd) 3.5 Hef] 11.0 Hel] H - 260 3.48] tO 11.0 Hl] H - 260 0.68 
0 3H0d0J=5.1 H0 H - 270 4.84] 1H0O dO J=7.4 Hz H-Gal-100 5.159 1HQ dd J=7.8 Hel] H-Gle-1L]] 5.47 
1HU dd J=7.9 Hel] H-Gle'-100 5.110 1H dO J=7.4 Hel] H-Xyl-1] 6.09] 1HU br sl] H-Rha-10 1.61 3H dl 


J=7.0 Hz] H-Rha-6[[] °C NMR data see table 1. 
Compound] 3[[] A white amorphous powder[]] of’? — 70.0°0 c 0.02730 MeOH. IR vX® cm~' [0 34260 29320 
28660 17050 14560 13740 11580 10720 9820 9200 8990 867] intensity[] 899 > 92001] HR FAB-MS m/z 1209. 5941 


O M-HU O calcd for Cs; Hos 0270 1209.5904[[] Negative ion FAB-MS m/z 1109] M-HU [O 1047] M-H-162(] O 901 







































































































































































Compound] 2! 
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Table 1 'C NMR data of compounds 1-3 












































Aglycone 1 2 3 Sugar 2 3 

1 36.0 0 37.0 0 37.0 0 Gal 1 102.4] dU 102.4] dQ 
2 31.4) 0 30.0 0 30.0 0 2 73.4 aJ 23.4) do 
3 1.0 dJ 77.4 aJ 77.4] aJ 3 75.4] a0 75.4] aJ 
4 37.4] 0 35.0 0 34.0 0 4 79.4] da0 80.10 a0 
5 44.0 a0 44.9] aJ 44.70 a0 5 75.4] aJ 75.4] aJ 
6 28.0 0 29.0 0 29.0 0 6 60.9 0 60.4] 0 
7 32.10 0 32.4) 0 32.4) 0 Gle 1 104.7] dU 104.7] dQ 
8 35.0] dQ 35.4] dQ 35.4] a0 2 81.4) a0 81.4] dQ 
9 54.4] dd 54.60 aJ 54.4] a0 3 87.4] a0 88.4] d0 
10 35.4] so 35.9] [0 35.9] [0 4 70.4) dQ 70.4] dU 
11 20.9] 0 21.4] J 21.4] QJ 5 77.4] aJ 77.4] aJ 
12 39.9] 0 40.4] QJ 40.4] 0 6 63.0) 0 63.10 0 
13 40.4] si 40.4] [0 40.9] sO Gle’l 104.4] dQ 104.4] dQ 
14 56.4] dU 56.4] dQ 56.4] a0 2 76.4) da0 76.4] dU 
15 31.4] 0 32.4) 0 32.4) 0 3 83.4] dJ 83.4] a0 
16 80.4] dQ 81.4] dQ 81.4] aQ 4 69.4) d0 69.4] dd 
17 62.4] dU 63.0) dQ 63.10 dQ 5 78.4) da0 78.4] dU 
18 16.0 q0 16.00 q0 16.0 q0 6 62.4] 0 62.0) 0 
19 12.0) q0 12.4] q0 12.4] qf Rha 1 102.9] d0 102.4] dQ 
20 41.4] dg 42.4] dg 42.10 dg 2 72.4) a0 72.4) dU 
21 14.0 q0 15.0 q0 15.0 q0 3 72.0 d0 72.4 ap 
22 109.4] s0 109.4] SJ 109.4] s] 4 74.4) da0 74.4] dg 
23 31.4) 0 31.9] 0 31.9) 0 5 69.4] dJ 69.4] dd 
24 28.4] 0 29.4] 0 29.4] 0 6 18.4] q0 18.7] gl 
25 30.10 dQ 30.0 a0 30.0) a0 Xyl or Glc”1 104.4] dQ 104.4] dQ 
26 66.7) 0 67.4) 0 67.4) 0 2 75.4] di 75.4] aJ 
27 17.0 17.4] q0 17.4] q0 3 73.0 d0 78.4 dl 

4 70.0 a0 1.4 aJ 

5 67.4) 0 78.4] dU 

6 62.4] 0 

















O M-H-146-1620" [D M-H-146-162-1620" [O ' H NMA] pyridine- d; 400 MH20 ò 3.68] 1H0 H - 300 4.40 140 H 
- 1600 0.89] 3H0 s0 H- 18000.74] 3H0 s0 H- 1900 1.20] 32H40 dd J=7.0 Hz] H - 2100 3.56] br di] 10.6 Hz0 
H - 26 3.44] H 10.5 H- H - 26 0.74] 3HU dl J=5.1 HU H - 271) 1.70) 3A dl] J= 6.3 Hel] H-Rha-6L] 
4.95] di J=7.6 Hel] H-Gal-100 5.210 dO J=7.9 Hel] H-Glc-10 5.20 dl J=7.6 Hel] H-Gle”-100 5.54] dU J= 
7.9 Hel] H-Glc'-1[0 and 6.24] 1HO br sO H-Rha-100 ° C NMR data see table 1. 
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